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Insulin derivatives having a charge which is positive 
compared with the charge of human insulin at neutral pH, can be 
used to prepare solutions having prolonged. insulin action. In 
the novel insulin derivatives, a ba§ic>ino.acjd has been 
substituted in the B2 7 -position and/or a neutral amino acid has 
been inserted in the A4-, Al?-/. B13- and/or B 21-position. 
Furthermore, the C-terminal carboxyl group of the B-chain has 
been blocked with an ami'do or ester residue; 

Claim. 

1- Compounds of the general formula I 



A ( 1 -3 ) -E A -A ( 5 -6 ) -Cys -A (8-16) -E^-A (18-19) -Cys-Asn 



{A-chain ) 



B(l-6)-Cys-B(8-12)-E 3 -B(14-18)-Cys 

I 

R ~ Z n" Y m~ Lys " Pr °-X-B( 26-22 ) -E 4 -Gly 



(I) 



(B-chain) 
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vherein the letters A and R followed by figures in parentheses 
designate the peptide fragments of the A- and B-chains, 
respectively, indicated by the figures in parentheses, E 1 , E 2 , 
E and E are the same or different each representing glutamic 
acid or a neutral amino acid residue which can be coded for by 
nucleotide sequences, X represents an L-threonine, L-arginine 
or L-lysine residue, Y and Z are the same or different and each 
represent an amino acid residue wherein any side chain amino 
group may bt acylated and wherein any side chain hydroxy group 
nay be alkylated, and m and n are the same or different and 
each represent zero or one, and P. represents an" ami do or ester 
residue which blocks the C-terminal carboxyl group of the B- 



are 



chain, with the proviso that not all of E 1 , E 2 , E 3 and E 

glutamic acid residues, when X is a threonine residue, or, when 

x 2 3 4 
E , E , E and E each is a glutamic acid residue, and X is a 

threonine residue/the group of formula -Y m ~Z -R represents 
-NH 2 , -Arg-NH 2 , -Arg-Arg-NH 2 , -Arg-Lys-NH 2 , -Dab-Dab-NH 2 , 
-D£.p-Dap-NH 2 , -Lys -NH 2 , -Lys ( Lau ) ~NH 2 , -Ly S r-Arg-NH 2 , 
-Lys-Lys-NH 2 , -Orn-NH 2 or -Orn-Orn-NH 2 . 

11 - Injectable solutions with prolonged insulin 
actxon, characterized in that . they contain a compound of the 
general formula I 



A( 1-3 )-E 1 -A(5-6)-Cys-A(8-16)-E 2 -A( 18-19) -Cys-Asn 



(A-chain) 



S 
I 

3 



B< 1-6 J-Cys-BCe-lPJ-E^-Bv 14-18) -Cys 
R - z n - Y m "Lys-Pro-X-B(26-22)-E 4 -Gly 



(I) 



-(B-chain) 
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wherein the letters A and B followed by figures in parentheses 

designate the peptide fragments of the A- and B-chains, 

respectively, indicated by the figures in parentheses, V , E 2 . 

E and E are the same or different each representing glutamic 

add or a neutral amino acid residue which can be coded for by 

nucleotide sequences, X represents an L-threonine, L-arginine 

or L-lysme residue, Y and Z are the same or different and each 

represent- an amino acid residue wherein any side chain amino 

group may be acylated and wherein any side chain hydroxy g r0 u P 

may be alkylated, and m and n are the same or different and 

each represent zero- or pne,;and R represents an amido or ester 

residue which blocks the C-teWnal carboxyl group of the B- 

cham, with the proviso that not all of E 1 E 2 F 3 *nrt r 4 

r *-* * and E are 

glutamic acid residues. wh**n y i c = 

1 2 3 4 iaUeS ' Wnen X 15 a threonine residue, or, when 

' . and e each is a glutamic acid residue, and X is a 

threonine residue, the group of formula ""-Y^Z -R represents 
-NH 2 , -Arg-NH 2 , -Arg-Arg-NH., , -Arg-Lys-NH.,? -Sab-Dab-NH 
-Dap-Da P -NH 2 , -Lys-NH 2 , -Lys ( Lau ) -NH 2 , -Lys-Arg-NH , 

-Lys-Lys-NH 2 -Orn-NH 2 , -Orn-Orn-NH 2 , -Thr-NH., -Thr-OBu t or 
-Thr(Bu c )-OBu . l . 

15. A process for preparing compounds of the general 
formula I stated in Claim 11, characterized in a) 

transpeptidating porcine insulin or a compound of the general 
formula II: 

B ( 1 - 12 ) -E 3 .-B ( 14 -2 0 ) -E 4 -B ( 22-2 6 ) -X-B ( 2 8-29 ) - (Q -R ) - A ( 1 -3 ) - 

E 1 -A ( 5 - i 6 ) -E 2 -A ( 1 8 - 2 1 ) q ^ * LI) 

wherein A and B designate the fragments of the A- and B-chains 
indicated by numbers in parentheses, 0 is a peptide chain with 
q amino acids, q is an integer from 0 to 33, R is Lys or Arg, 
and r. is zero or one and E 1 , E 2 , E 3 , E 4 and X each are as 
defined in Claim 11, with a compound of the general formula 
I I I : • - • 



/4 
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H-Y -Z -R (II 

where Y, Z, R, m and n each are as defined above, and wherein 
side chain amino groups -and hydroxy groups in Y and Z 
optionally are blocked with amino and hydroxy protecting 
groups, using trypsin or a trypsin like enzyme as a catalyst, 
or b) coupling a compound cf formula IV 

A< 1-3) -E 1 -A(5-6) -Cys-A(8-16) -E 2 -A( 18-19 ) -Cys-Asn 

I I 

S * . S 

• I I 

s s 

I . ' I 

B( 1-6) -Cys-B( 8-12 ) -E 3 -B( 14-18 ) -Cys 

. . - - . I 

Lys-P ro-X-B ( 2 6- 2 2 ) -E 4 -G ly 

1 2 3 4 

wherein E , E , E , E and X each aire as defined in Claim 11, 
with a compound of formula III by trypsin or a trypsin like 
enzyme . 



(A-chain) 



(IV) 



(B-chain) 
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TITLE:. NOVEL PEPTIDES 

' "\- abstract;;-:; \- ■■■ '7. Y". ^y-'-- r \' 

■ v\ '."-V > : / insulin ; :? deri vat ives having. a;.charge which is- positive "-. 
■:>/>.compar-ed.:^ insulin at - neutral pH> ^can be 

* ^ used to prepare solutions having prolonged insulin actiohlKIn 

* the novelj insulin derivatives , a basic amino; acid has beesn 
°rc° ; substituted -in^the B27-positibn and/or .a .neutral a^ has 
: If ° been inserted in the A4-, A17-, B13- ahd/br : B21-position . '.'<' : . 
°o ec . Furthermore/ the C^terniiinal' : carboxy 1 groupAbf ' the B-chain has v 
; -,'^-77 been blocked, with, an airiido or ester residue . ; 7\-: ; '"-''7/7 7 
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BACKGROUND OF THIS INVENTION 

The present invention relates to novel .insulin 
. compounds and to novel injectable solutions having prolonged - 
insulin action. 

5 In the treatment of diabetes mellitus, many varieties 

of insulin preparations have been suggested and used. Some of 
the preparations are fast .acting and .other preparations have 
more- or less prolonged actions. Usually, pharmaceutical insulin 
preparations with more : or less prolonged action 'are /desirable . 

10 Suchtf a prolonged action may be obtained by administering 'the 
insulin as a suspension *of insulin crystals. The crystalline 
preparations can be obtained by crystallization of. insulin in 
the - presence of zinc (such as Lente r # see Schlichtkrull : 
Insulin Crystals r : Chemical and Biological Studies on v Insulin 

15 Crystals and Insulin Zinc Suspensions, Munksgaard, 1958) or by 
crystallization : ; o£i insulin \ in the presence of zinc and 
protamine (such as • NPH-insul in , see Rep.Steno Mem.Hosp. 1 
(1940 r 60) . ; :• _ . /A"'"/. . - 

: ■ >|<&£ /One/;\di sadvantage in the us^e of the known suspensions 

20 o||z^nc; insulin .crystals or \,ot.::^^c^ro\:^xxi^ ' ln;sia.lin is the 
necessity of shaking the vial ;in!: prSer to "ensure- ' that the 
correct /amount- .of ^insulin ,is being injected arid to-ensure that 
-the^c'p'n'pentration -.of insulin in /theyVial remains constant 
throughout its use. In Penfili™ /cartridges, where air must be 

25 absent/; prolonged; acting insulin -suspensions require ; the 
incorporation of a solid body in the cartridge to enable 
agitation. The shaking of insulin suspensions and insulin 
solutions with air is in itself an undesirable process, as 
insulin has a. tendency to denature .under formation of fibrills 

30 ia^,water-air interfaces. Consequently, solutions insulins 
with prolonged action are desirable. ; r - . 

Solutions of insulin derivatives having.-a prolonged 
action was obtained from insulin that had been modified in its 
amino groups by reaction with phenyl isocyanate (so-called'Iso- 

35 insulin, see Hallas-Moel ler : Chemical ar.d Biological Insulin 



2 
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Studies, based upon .the ; . Reaction between Insulin and 
. Phenyl isocyanate/ Copenhagen 1945). Similarly , Al ,B29-di-Boc : 
substituted:insulir/r(Boc .designates/tertiary butyloxycarbonyl ) 
was reported to .show a prolonged insulin action after 
5 subcutaneous administration {see Geiger. & Enzmann in: 

Proinsulin, Insulin, C-peptide; Proceedings of the Symposium on 
Proinsulin, Insulin and C-Peptide, Tokushima 1978; Amsterdam- 
. Oxford / 1979, 306 - 310) .The Al,B29-di-Boc substituted insulin 
was f oiind^to ' e slightly prolonged action to?be 

10 clinically usef ul . ^ > ; : ft ; 

: ^ insulins, require v lar ge; ? 

amounts; of zinc ions {for "example, 0.4-1 mg/U insulin) in 
order toy exhibit a prolonged action (see J .Pharma col . 5 5 
( 1935 j;, 206 ) • Injection of such large doses of z inc ions will 
15 probably -pause pain and -such solutions have, therefore /never 
been used in therapy . ' . ■ 

The isoelectric point of insulin is about 5 .5 and 
C attempts have been' made to decrease the solubility of insulin 
derivatives at neutral pH by shifting the isoelectric point 
to"** 20 u P war <*s, or examplev; through additions, in the N-terminus of 

the B-chain, -; of basici'^ino acids like lysine or arginine- ( see , 
, for ex 'amp 1 e y 1 German Offenlegungsschrift Nov 2 ,04 2 ,299) or with 
th ? ^^sic f dipeptide : a 

cited above) . The solubility of the latter compound, 
* * * BC^l) B0 

25 Arg -Arg insulin, near its isoelectric point was,' 

****** however/ much higher than that of the parent insulin. 

..Japanese patent application No, 55-144032 relates to 

analogues to human insulin wherein the B30-amino acid has been 

•;V* replaced. by an amino acid having at least five carbon atoms, 

30 and amides and esters thereof . These insulin analogues were to 

be used in patients .who; had developed antibodies against 

m amma 1 i>fl- 7i n s u 1 i n s . In the Japanese patent appl ication f -six 

specific compounds are described, none of which were stated tp 

have prolonged action. No specific injectable preparations are 

35 described in the Japanese patent application. 



► . • - 
1 * • • 

♦ B • • 
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* ".*;>* " U^PJ&E* * n / : pa t e ri £ app 1 .i'c at i on. No, 84108442 ; 9 relates tc 
yinsuIjLn ; ai^l^iies ; wherein"/" a basic; ^pr ga hi c\ group is attached tc 



to 

:o 

the ;B3 0-^ a.; posit ive charge at 

neutral : p^ is ne utral 

and, preferably/ threonine as in human insulin. German patent 
application No. 3 , 327 , 709 .5 relates to a suspension of crystals 
of the , derivatives described in the above-noted European patent 
^ppl0a%ij^^as£ye 11 -as ah ^ aromatic .hydroxy - compound. German 
patent ; : ^pp^ica .3 ;326,^73 ^ 2 relates to a medicament 

pontaini^ of insulin /.c^pouridsV"'l6f/ Vhich at least 

one is, : de^ribed- in the above-noted European patent 
applications . 



BRIEF STATEMENT OF THE INVENTION ; - 

The present invention comprises novel analogs of 
human insulin that differ from human insulin by: 

■vaLpresenoe of an amide or ester residue on the C- 
ternnnal carboxyl group of the ^B^chain and 

. b) ;3^aying ; ; at least^onie^harge /incre than, human insulin 
at pH 7/ preferably not more than 4 charges mor^ than human 
insulin at ;pH 57>V >' v 

. The^change in charge is achieved by the blocking of 
the carboxylic -group in the, B30 amino acid and, _i desired, by 
substituting brie or more of the amino acids compared with human 
insulin. .." *;■ "/': 

In specific, the compounds of interest to practice of 
this invention are char acterizable as follows: One or more of 
the four glutamic acid residues at A4 , A17, B13, B21 is instead 
another naturally occurring neutral amino "acid, preferably , 
glutamine; and/or the threonine 'residue at B27 is instead a 
naturally occurring basic amino acid residue, preferably, Li- 
ar gi n i ne or L-lysine; and/or the threonine residue at B30 is 
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.instead one or two basic amino acid residues, one being 
preferred, and., the? N terminal; carboxylic group in the B chain 

: : ';vbei : ngvpro^ .' : 

;. W : ?£Vr The"?- InVent;ionY?ol so /-compr i ses solutions of the above 
5 categorized human insulin analogs with a controlled level of 

zinc .ions therein. The degree of. prolongation of insulin action 

is enhanced and controlled thereby. 

: DETAltEDj. PRACTICE ipF TtilS ; INVENTION • 

It has surprisingly been found that injectable 
0 solutions' with:>%prtbined" shdrt^nd .prolonged insulin action 
can- be made usingH?M s the actives ingredient , a single insulin 
' derivative having *; the 'general formula I 

A( 1-3) ^-A{5-6)-C$£r&t8-16) -E 2 -A( 18-19 ) -Cys-Asn (A-chain) 

.5 / y .. : '/-is: . . s 

- ? ' ■Vl;/.- _ , l 

; - ' : :-^s;vv . ' v ;: '"- s en 

B(l-6)-Cys-B<8-12) -E 3 -B (14 -18 ) -Cys 

20 v - . I (B-chain) 

: ^V: R-Z -Y -Lys-Pro-X-B (2 6-22) -E 4 -Gly 

■ n m 

wherein the letters A and B followed by figures in parentheses 
designate the peptide, fragments of the A- and B-chains, 
respectively f indicated by the figures in parentheses, E , E , 
25 E 3 farid E 4 are this same or different each representing glutamic 
' |cid or a neutr^l^ajnino acid residue which can be coded for by 
ZnuVie'otide sequences, X represents an L-threonine, fc-argi n i ne 
..or L-ly_sine residue, Y and Z are the same or different and each 
represent an amino acid residue wherein any side chain amino 
30 group may be acylated and wherein any side chain hydroxy qroup 
may be alkylated, and ir h:\-A n are the p:nre or different .v.:'.-: 
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each represent zero or one, and R represents an amide or ester 

residueVwhich blocks the C-terminal carboxyl group of the B- 

chainy^withV the-prpviso that not all of E , E , E and E are 

glutamic acid residues, when Xis a threonine residue or, when 

E E,.;V E ■ -and E each is a glutamic acid residue, and X is a 

threonine residue, the group of formula -Y -Z -R represents 

- m n ^ 

-NH 2 ,v -Arg-NH 2 , -Arg-Arg-NH 2 , -Arg-Lys -NH 2 , -Dab-Dab-NH 2 , 
-Dap^dp^NH^v -Lys-NH 2 , - -Lys(Lau) -NH 2 , -Lys-Arg-NH 2 , 
-Lys-£y^-N^ -Orn-Orn-NH , -Thr-NH 0 , -Thr-OBu t or 

^Thr (fiu fpBu ;v^Lau designates lauroyl and Dab and Dap 
represents : yd v Y-diaminobutyric acid and a , 6-diaminopropioic 
ac id ,y, respect ively . 

^fei ^ A; '^subgroup of, compounds of formula I is novel 
compounds; having : the general formula I wherein the letters A 
and B followed by figures in parentheses designate the peptide 
fragments of., the ..A- and B -chains , respectively, i ndi cated by 
the f igures in parentheses , E 1 , E 2 , E 3 and E 4 are the same or 
different each . representing glutamic acid or a neutral amino 
acid residue which can be coded for by nucleotide sequences, X 
represents an L- threonine , L-arginine or L- lysine residue , Y 
and ■Z^y^.e^.the-r'same or different and each represent an amino 
acid {resioue wherein any side chain amino group may be acylated 
and wherein. any side chain hydroxy group may be alkylated, and 
m and;;n : are ; the same or different and each represent zero or 
one, :and R represents an amido or ester residue which blocks . 

the C-terminal carboxyl group of the B-chain, with the proviso 

• . * ■ 1 2 3 - 4 

that not all of E , E , E and E are glutamic acid residues, 

when .X is.; a. threonine residue, or, when E*, E 2 , E 3 and E^ each 

is a glutamic acid residue, anJ X is a threonine residue, the 

group of. formula -Y^-Z^R represents -NH 2 , -Arg~NH 2 , 

-Arg-Arg-KH 2 , -A r g - L y s -NH_ 2 , : -Dab-Dab-NH 2 , -Dap- Dap -NH^ , 

-Lys-NH 2 , -Lys ( Lau ) -NH 2 , \-Lys-Arg -NH 2 , -Lys-Lys-NH 2 , -Orn-NH. ? 

or -Orn-Orn-NH 2 . 

In compounds of formula I, the C-terminal carboxyl 

q roup of the B-cha i n is bl ockec: by on ester gro;;;- r.r ami d£ 
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group,. The change in charge Introduced by the ester or amide 

group* in position B30 can be further increased by substituting 

threonine in the B27-position with arginine or lysine and/or by 

substituting any of the four glutamic acid residues in the A4 - , 

A17-, B13-, and B23-position with a neutral amino acid, 

preferably with a glutamine residue. Furthermore, a positive 

charge may be introduced by a basic amino acid in the B30- 

and/or.B31-position, Since compounds of formula I can be 

applied ; in the clinic as solutions having a prolonged action/ a 

decline:. 'in immunogehicity as compared to the commonly used 

suspensions . of porcine or human insulins may occur.. 

ij, - The degree of prolongation can oe enhanced and 

controlled by the addition of z inc ions . 

Major parameters that control the degree of 

prolongation of the insul in effect are the concentration of 

zinc and the choice of the compound of formula I. With some 

B2 7 B3 0 

analogs, e.g. Arg ,Thr ~ NH 2 * lunian insulin, very prolonged 

action* is obtained with only 3 zinc atoms per hexamer unit of 

insulin analog corresponding to 8 pg zinc/ml in a preparation 

containing about 24 0. nmole/ml . With other analogs, e.g. 
B 3 0 

Lys -NH 2 human insulin, moderate prolongation of action is 
obtained with 30 zinc per hexamer of insulin analog 
corresponding to . 80 jjg zinc/ml in a preparation containing 
about 24 0 nmole/ml . The range for preferred z inc cont rat ions 
extends from 0 to 2 mg/ml , preferably from 0 to 200 ng/ml z i nc 
with substitution in the B13 and/or B27 position and preferably 
from 20 to 200 pg/ml with other analogs. 

The prolonged action of solutions of compounds of 
formula I in the presence of zinc ions is ascribed to the low 
solubility of such compounds at neutral pH. Only solutions of 
insulin derivatives in which the C-terminai of the B-chain was., 
-blocked, showed a more prolonged action than Actrapid * porcine 
insulin. 

The pH of the injectable solution of this invention 
should prnferabiy be be i ^nd so close- to t. he physiological uH 
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occurs. Stable solutions containing about 240 nmole/ml of 
compounds of formula I have been obtained at pH 5.5. The upper 
1 imit ' depends upon the constituents of the solution, i.e. 
isotonikum, preservative and zinc concentration, and upon the 
5 choice of compound of formula I. There is no lower pH limit of 
the solutions, but since the chemical stability of insulins is 
poor in acid solutions due to deamidation reactions and 
formation of dimers as high a pH as possible with respect to 
the physical, stability of the solution. is preferred. The 
10 preferred pH range for the injectable solutions of this 

invention is' from 2.5 to 8.5, more preferred from 4.5 to 8. 

A further aspect of this invention is that it 
provides improved flexibility for the patients. With two 
aqueous solutions, one containing .a compound of formula I and 
tm 15 the. other containing a zinc salt, the patient can obtain a 
: * desired degree of prolonged action and a desired profile by 

: mixing the two solutions appropriately . Thus , the patient has, 
t ; using two stock solutions, the possibility of choosing one 

^:*' action and profile for the morning injection and another . action 
.-^20 and profile for the evening injection. Preferably, the zinc 
solution contains between about 10 |ag and 20 mg zinc per ml. 
Alternatively, both of the stock solutions may contain z inc , 
either in the same or different concentrations, and/or both the 
stock solutions may contain a compound of formula I, either the 
25 same or different compounds. 

Preferably, the injectable solutions of this 
invention have a strength of between about 60 and 6000 nmole/ml 
of the compound of formula I . 

1 £ 

The neutral amino acid (E through E ) is, for 
. _;30 example, glycine, valine, isoleucine, leucine, phenylalanine, 
tyrosine, methionine or preferably, asparagine, glutamine, 
alanine, serine or" threonine. ~ 

Examples of R are ester moieties, for example, lowtr 
alkoxy, preferably methoxy, ethcxy and most- preferred tertiary 
*: : but o>:y , ar.d r-^.zVi croups are :;: esent in compounds which are 
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U.S. Patent specification No. 4,343,898. Such esters are 

R^Ot B 3 ° t *• 

Thr -OBr hum. an insulin and Thr w (Bu ) -ODu " human insulin 

(Bu*" designates tertiary butyl ) . 

Furthermore, R can be a croup of the general formula 

5 -NR R' whr ein R and R are the same or different and each 

represents hydrogen or lower alkyl. Hereinafter the term 

"lower" designates that the group in question contains less 

than 7* carbon atoms, preferably less than 5 carbon atoms. An 

B 3 0 

example of such a group is found in fhr -NH^ human insulin 
10 which is known as an intermediate in a synthesis of human 
insulin (see Carlsberg Res . Commun . 4_9 (196*), 4 63 ). In a 
preferred embodiment of this invention, R is - N K 2 . Furthermore, 
R may be a lactam residue which preferably contains less than 8 
atoms in the lactam ring, for example a lactan of a 
IS diaminocarboxy lie acid. 

In a preferred embodiment of this invention, R is 

uncharaed. 

2 7 2 9 

At neutral pH , the charge of -X -Fro W -Lys -Y -Z -R 

is +1 in Thr B30 -xNH 2 human insulin, 7hr'^ u -0Bu u human insulin, 

20 Thr 5jC ( Bu t ) -OBu 11 human insulin and Ly s B ^ ^ -NH 2 , cc «=- ( B 3 0 ) human 

d?q B 3 0 

insulin, + 2 in Lys -NH^ human insulin, Arg -NH ? human 

insulin, Orn Bj>0 -NH 2 human insulin, Lys B2 ' , Thr B J 0 -NH n human. 

insulin and Arg B2 7 , Thr B3 0 -NH 2 human insulin, and ^3 in 

Lys B27 ,Lys B30 -NH 2 human insulin, Lys 52 ' , Arg B30 -NH 2 human 

.25 insulin, Arg B27 ,Lys &3C -NH : , human insulin, Arg° 2 7 , Arg B J C -NH 2 

B30 B 1 

human insulin, Lys -Lys " -NH 7 human insulin, 
I Arc 530 -Lys B31 -NH 2 human insulin, Arc H30 -Arg &3 * -NH 2 human 



• 9 
I * ■ 



B30 B31 , . , B3 G " w 53 1 MU 

insulin. Or n -Cm -NH 2 human insulin, Dab -i^ab -NH 2 

human insulin and Dap B30 -Dap Bji -NH 7 human insulin. 

30 According to one preferred embodiment of this 

invention, .the amino acid residues designated Y and .Z are 

"residues iror: L-^inc acids which are coded for h/y nucleotide 

-sequences . 



9 

ToN/VMN, 1986-02-13, 3j, D-328B, IL 



2771 .200 



Any side chain amino group in the amino acid residues 

designated Y and Z may be acylated. by an acid containing from 2 

tc 16 carbon atoms, "preferably a fatty acid containing from 6 

to 18 carbon atoms; for example, lauric acid. Thus, -Y -Z -R 

m n 

5 may be -Lys (Lau) -NH 2 . 

Examples of preferred alkylated hydroxy groups are 
' : methoxy, ethoxy and tertiary butoxy. 

In one group of preferred compounds of formula I Y 
and/ or Z is a^basic,;ajnino acid residue wherein the side chain 
10 amino;: group optionally is acylated (m = 1). V. 

In another group of preferred compounds of formula I 
n is zero and Y is ; a basic amino acid residue (m = 1). 

In a further group of preferred compounds of formula 
I Y and Z are both basic ami no acid residues (m = 1, n = 1 ) . 
• ...^ 15 • ., Preferred compounds of formula I are each of the 

*vl*l -following: Glri Al7 >Arg B27 ,Thr B30 -NH~ human insulin, 
; * Gin-'; G In J /Thrf ; "^NH 2 human insulin , 

G In* 1 ? , Ly s B2 7 , Thr B3 °-NH - human insulin, Gln Al7 ,Lys B30 -NH~ human 
t.il'" insulin, Gin ,Thr -NH 2 human insulin, 
i ; ## .2p Gin B ^| ,Arg B27 ,Thr B ?°-NH 2 human insulin, 

r.^. : ;;-..;^;;G In? 1 J* Lys 82 7 ; Thr B ? ?-NH 2 human in sulin, Gl n Bl 3 ,Lys B3 ? -NH 2 human 
'■ctJ.: ^V^hsuiiii, G ln Bl 3 i Thr B3 0 -NH , human ^insulin, Ar g B 2 7 , Ar g B 3 0 -NH , 
*#;••* > ;^tiipa^ /Lys . -NH^ human insulin, v 

, •> * # . / A r§?, 2 7, Thr B 3 0 -NH ^ hum an insulin, Lys B27 ,Arg 330 -NH 7 "human 
: ••••^.;- ; ;;::.25 insulin, Lys Lys" -NH 2 human insulin, Lys > Thr -NH 2 
•*•*!' .Ihumajilinsulin, Xys B25 rNH 2 ,des-(B30) human insulin, Thr B30 -NH 2 
human^/insul in , Lys B3 ° -NH 2 human insulin, Lys 830 (Lau ) -NH 2 human 

^ irisuld/n, Lys B30 -Az-g B31 -NH-, human insulin, Lys B30 -Lys B31 -NH 2 

* R^n B3 0 B31 

•f - : .humaLn 'insulin/ Arg- -NH 2 human insulin, Arg -Arg -NH 2 

• ••♦.j3b : human insulin or Arg B30 -Lys B31 -NH 2 human insulin. 

." . ■ Another preferred ..embodiment of this invention is 

-preparations containing a compound of formula I wherein E , E >; 

. -E and/or E is a glutamine. residue , and/or X is Lys or Arg, 

and within this subclass of compounds of formula I, a further 

35 preferred embodiment is preparations containing a compound of 

formula I wherein the croup -V n -Z rj -R is -Tr.r-VH^ or -Lys-NH^. 
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B 1 3 B ^ 0 

Preferred compounds are Gin ,Thr * -NH 2 human insulin, 

Gln A17 ,Thr B30 -NH 7 human insulin, Lys 327 ,Thr B30 -NH :> human 

R2 7 B3 0 

insulin and Arg ,Thr -NH~ human insulin. 

1 

In one group of preferred compounds of formula I, E , 
5 E 3 and E^ is each a glutamic acid residue. 

In another group of preferred compounds of formula I, 
E" is a glutamine residue. 

In a still further group of preferred compounds of 
formula I, X is an arginine or lysine residue. 
10 As is well known in the art, not all of the amino 

acid residues in human insulin are essential for the insulin 
action. 

Indeed, porcine insulin and bovine insulin which 
differs from human insulin in amino acid residues have been 
15 employed to treat diabetics. Considerable species to species 
variations in the- insulin molecule exist. Thus, many peptide 
residues in the human insulin molecule may be changed without 
undue diminution in insulin activity , including some peptide 
residues important to the isoelectric point of the molecule. 

. ..: • ':. • • . ' 1 2 3 

20 It is obvious -that the groups designated E , E , E , 

E 4 , X, Y, Z and R are to be selected so that the resulting 
compound of formula I is pharmaceutically acceptable. 

In the known biphasic insulin preparations, it is ■ 
common to combine fast acting, soluble insulin with prolonged 
25 acting, crystalline insulin in the same injection. Using, 

compounds of; formula I of this invention, a similar combined 
short and prolonged action can be obtained with a solution of a 
single compound of formula I. The ratio between fast and long 

I effect decreases as the concentration of zinc ions in the 

« "... ■ 

* 30 solution is increased. 

: „ z Compounds of formula I may be^, prepared by a 
tr^anspeptidation reaction in which porcine-insul in/or else a 
brbsynthetic precursor compound having the correct insulin 
cisulphide bridges and having the general formula II: 
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B(l-12)-E 3 -B(14-20)-E 4 -B(22-26)-X-B(28-29)-(Q -R ) -A ( 1-3 ) - 
E-A(5-16)-E 2 -A(18-21) q r ( 



wherein the letters A and B followed by figures in parentheses 
designate the appropriate peptide fragments of the A- and B- 
5 chains, respectively,, as indicated by the figures in 

parentheses, 0 is a peptide chain with q amino acids, q is an 
integer from 0 .tcv 33. R is Lys or Arg, and r is zero or one, 
and E , E ,. E , E and X each are as defined above, is reacted 
with an amino compound of the general formula III: 

10 H-Y -Z -R 

m n . (Ill) 

wherein Y, Z , R , m and n each are as defined above, and wherein 
side chain amino groups and hydroxy groups in Y and Z 
optional ly are blocked with amino: and hydroxy protecting 
groups, using trypsin or a trypsin like enzyme as a catalyst in 
15 a mixture of water; "and organic solvents as has been described 
in US Patent No. 4;343,898. Preferred compounds of formula in 
for use in this • process are Thr-NH^, Lys(Boc)-NH , 

ThrXB^S-OBu^T^^ groups 
may. be derivatiz^d];^ fatty acid, Hydroxy 

20 groups may be protected by alkyla t ion . If Y and Z. contain 

groups which ar^reversibly blocked, by amino protecting groups, 
these groups may - Ij^v removed at; a later rtage, if such is 
desired, af tei^ theVamino protected intermediate has been 
separated from the trypsin or trypsin like enzyme. Of the 

25 trypsin like enzymes, lysyl endopeptidase f rom. Achromobacter 
lyticus is useful i 

The compound of formula II may be expressed in a host 
organism sucfeuas .yeast similar to the description in European r 
paten.t application No. 163,529 using a gene having the correct 
30 codons for the amino acids" in question. The gene encoding the 
novel insulin derivative is then inserted into a suitable 
expression vector which when transferred to yeast is capable of 
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expressing the desired compound. The product expressed is then 
isolated from the. cells or the culture broth depending on 
whether it is secreted from the cells or not. 

An example of a reversible amino protecting group is 

5 tertiary butoxycarbony 1 and a reversible hydroxy protecting 
group is tertiary butyl. Such groups are removed under 
conditions which do not cause undesired alteration in the 
compound of formula 1, for example, by tr i f luoroace tic acid. 

^Insulin compounds of formula I may also be prepared 

0 by : a coupling reaction in which a compound of the general 
f ormulai?; IV 

A(l-3)-E 1 -A(5-6)-Cys-A(8-16)-E 2 -A(18-19)-Cys-Asn (A-chain) 



B ( 1-6 ) -Cys-B ( 8-12 ) -E 3 -B ( 1 4 -18 ) -Cys 



cLys-Pro-X-B { 2 6-22 ) -E 4 -Gly 



(IV) 



(B-chain) 



wher ffP;E^> E 2 ' E 3 , ;E 4 . and X each are as defined above, is 
co "P^^;^9 ar > amine compound of the above formula III by 
tryp^ii^^o^ a trypsin like enzyme under conditions similar to 
th ^^^d^scribed in European patent specification No. 17,933. 
5 ^^Jf^.^hen insulin is manufactured by genetic engineering 

th ^ Additional one or two positive charges may appropriately be 
in ^ Brn ^ 1 Y the insulin molecule, i.e. in the A4-, 
A ~V^'<^*^~' B21- or B27-position, leaving for trypsin catalyzed 
; ./?.?^f ?ynthesis blocking of the C -terminal carboxyl group of the 
0 B-chain with an amino acid ami de;6r an amino acid ester. 

The advantage in introducing the additional positive 
charges within the frame of the 51 amino acids of the insulin 
molecule to form the novel compounds of formula I rather than 
by prolongation of the B-chain beyond the 30 residues of the 



13 

ToN/VMN , 1986-02-13, 3j, D-328B, IL 



2771 .200 



mammali an. insulins relates to ease in preparation. In the 
semisynthetic transpept idat ion a large molar excess of the 
amino acid amide or amino acid ester is employed. If a 
dipeptide amide or ester were to be used in the 
5 transpeptidation reaction, either price or solubility or both 
are prohibitive for use in large excess, and consequently the 
yield of the product becomes lower. Even when the same 
equimolar excess of, for example, Lys(Boc)-NH 2 and 
Lys(Boic) -Lys(Boc) -NH 2 is used in the transpeptidation reaction 
10 under ^similar conditions, the yield with the amino acid amide 
becomes substantially higher than with the dipeptide amide. 

Insulin preparations of this invention are prepared 
by dissolving a compound of formula I in an aqueous medium at 
slight ly acidic conditions, for example, in a concentration of 
15 24 0 or 600 nmole/ml . The aqueous medium is made isotonic, for 
example, with sodium chloride or glycerol. Furthermore, the 
aqueous mediuin raay contain zinc ions in a concentrations of up 
to about 20 |ig of :Zn ++ per unit of insulin activity, buffers 
? such as acetate and citrate and preservatives such as m-cresol 
►20 or- phenol. The pH value of th^.solution is adjusted towards 
neutrality without tob close to the isoelectric point 

*• * , of; the 7 compound of ^formula I In order to avoid precipitation. 

The pH .value of the final insulin preparation depends upon the. 
riui^er: of chargies that, have been changed in the compound of 
. 25 formula I, the concentration of zinc ions, the concentration of 
the compound of formula I and the; compound of formula I 
selected. The insulin preparation is made sterile by sterile 
filtration. 

The insulin preparations of this invention are used 
....;30 similarly to the use of the known insulin preparations. 

Any novel feature or combination of features 
described her^a^y^s considered essential to this invention. ; v " 
Herein the abbreviations used for the amino acids are 
those stated in J.Biol.Chem. 24 3 (1968), 3558. The amino acids 
35 stated herein are in L configuration. In formula I and 
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elsewhere herein A(l-3) is Gly-Ile-Val, A(5-6) is Gln-Cys etc. 
cf. the amino acid sequence of human insulin. Unless otherwise 
indicated, the species, of insulins stated herein is human. 



Synthesis of the insulin compounds 



5 



The source of insulin was either porcine insulin or 
an insulin precursor expressed in yeast as described in the 
last-mentioned Danish patent application. 

The insulin precursors were recovered from the 
fermentation broths by adsorption to LiChroprep™ RP-18 as 
L0 described in Example 7 of the same Danish patent application. 
The precursors were eluted from the column with 0.2 M KC1, 
0.001 MHC1 in 33% (v/v) ethanol. The insulin precursors were 
crystallized from the pool by successive additions of water (1 
volume per volume of pool) , solid trisodium citrate to make 
5 0.05 M and finally zinc acetate to make 0.006 M. The pH was 
adjusted to 6.8 and the mixture was left overnight at 4°C. The 
crystals were isolated by centrifugaton, washed with water and 
dried in vacuo . 

protected, amino acids and protected peptides for 
0 enzymatic semi synthesis were either prepared by standard 
me ^ no ^ s ; r 9r Purchased (custom synthesis) from either . Nova 
B i pc h 0n\ or Bacheir ,. both Switzerland. 

.The letters TM after a name indicates that it is a 
trade mark. 



5 Example 1 

Synthesis of Lys B30 -KH 2 human insulin 

Solutions of 1 g of porcine insulin dissolved in 4 ml 
of 7.5 M acetic acid and 6.1 g of Ly s ( Boc ) -HN^ , CH^COOII 
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(N epsi lon-Boc-L-ly sine amide, hydroacetate salt) dissolved to 
15 nil with N,N-dimethylacetamide were mixed and the mixture was 
cooled to 12°C. A solution of 0-1 g of trypsin in 2.08 ml of a 
0.05 M solution of calcium acetate was added. After 96 hours at 
5 12°C, the proteins were precipitated by the addition of 200 ml 
of acetone, and the precipitate was isolated by centrifugation. 
The precipitate was washed once with 100 ml of acetone, 
isolated by centrifugation and dried _in vacuo . 

The precipitate was dissolved in 50 ml of 0.01 N 
10 hydrochloric acid in ethanol/water (28/72 parts per volume) and 
the solution was applied to a 5 x 30 cm preparative high 
pressure liquid chromatography (hereinafter designated HPLC) 
column packed with silica particles substituted with 
octadecy Idimethylsilyl (mean particle size 15 micron, pore size 
15 100 Angstrom) . The column was equilibrated with ethanol/0.2 M 
solution of ammonium sulphate adjusted to pH 3.5 with sulphuric 
acid, in a ratio of 38/62 (parts per volume). The proteins were 

eluted from the column with the same buffer, at o rate of 2 

*" ^ c *■ B 3 0 

litre/h. Lys(Boc) " NH 2 ^ uinan insulin was found in a peak 

*»*50eluting from the column between 60 and 75 minutes, after 

• elutioh of unreacted porcine insulin. The ethanol was 

f evaporated in ; vacuo and the evaporation was continued until the 
.' volume ' : was;. reduced to about 125 ml. The Lys(Boc) -NH- human 
insul in was isolated by successive additions of 25 ml of 
.*. # *25 acetone, 100 mq of citric acid (monohydrate p. a . ) and 9 mg of 

zinc chloride (p. a. ) . The pH was adjusted to 6.5 and after 1 h 
; at room temperature the crystallisation was continued at 4°C 

for 24 h with gentle stirring. The crystals were spun down, 

washed once with 5 ml of ice-cold water, spun down and dried in 

* * • gin ' 

•;V*J0 vacuo . Yield: 456 mg of Lys(Boc) -HN~ human insulin. 

B3 0 

• ... The Lys(Boc) -NH~ human insulin (456 mgV. was.. 

• • " \ ... . ... 2 - '. r^".;... - 

dissplyed in;.:15 ml of t r i f luoroace tic acid and left'; for 3 : h; at 

room temperature. The tr if luoroacet ic acid was removed by- - 

lyophi lization . The lyophilisate was dissolved in 50 ml of 

35 water, the pH adjusted to 2.5 and 10 g of sodium chloride was 

B 3 0 

added. The salt cake of Lys -NH- human insulin was isolated 
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by centr if ugation. The salt cake was dissolved in 125 ml of 

B3 0 

water and the Lys -NH 2 human insulin was crystallized by 

successive additions of 25 ml of acetone, 100 mg of citric acid 

(monoliydrate p. a.) and 9 mg of zinc chloride (p. a.) and 

5 adjustment of the pH to 7.0. After 1 h at room temperature, the 

crystallisation was continued at 4°C for 24 h with gentle 

stirring. The crystals were spun down, washed once with 5 ml of 

ice-cold water, spun down again and dried. Yield: 387 mg of 

crude Lys B30 -NH 2 human insulin. 

10 The crystals were dissolved in 50 ml of 0.005 N 

hydrochloric acid in ethanol/water (2 0/80, parts per volume) 

and the solution wac applied to a preparative HPLC column as 

described above, this time equilibrated with ethanol/0.3 M 

solution of potassium chloride and 0.001 N hydrochloric acid, 

15 in a ratio of 35.5/64.5 (parts per volume). Elution with the 

same buffer at a rate of 2 litres/h resulted in a peak of 
B3 0 

Lys -NH 2 emerging from the column between 55 and 90 min. The 

products were isolated from the. pool as described for 
B3 0 

Lys(Bpc) -NH^ human insulin above, except that the pH in the 
^•v r 20 crystallization in the zinc containing citrate buffer was 

adjusted to 7.0 rather than 6.5. Yield: 262 mq of pure 
*• • Lys -NH;> human insulin . 

The amino acid composition was in agreement with the 
theory, alanine being 1 residue/molecule and lysine beinq 2 
• # ** # 2 ? residues/molecule. The product was pure- in DISC PAGE 

electrophoresis at pH 8.9, the rate of migration being 55% of 
that of porcine insulin corresponding to a difference in 
charges of about 2-. For details of the DISC PAGE . 
electrophoresis see Horm.Metab.Res .Supplement Series No. 5 
_ s ;30 (1974), 134 . 
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Example 2 

B 3 0 B30 B 3 1 

Synthesis of Arg -NH^ human insulin and Arg -Arg -NH^ 

human insulin 

Solutions of 1 g of porcine insulin in 3.32 ml of 8 M 

5 acetic acid and 3.9 g of Arg-NH^ f (CH^COOH) ^ (L-arginine amide 

dihydroacetcace salt) dissolved to 10 ml with N , N - dime thy 1- 

formamid (hereinafter designated DMF) were mixed, and the 

mixture was cooled to 12°C. A solution of 0 . 1 g of trypsin in 

1.2 ml of a 0.05 M solution of calcium acetate was added- After 

10 144 hours at 12°C, the proteins were precipitated by the 

addition of. 200 ml of acetone, and the precipitate was isolated 

by cen.tr if ugation - The precipitate was washed once with 100 ml 

of acetone, isolated by centr if ugation and dried in vacuo . 

The precipitate was dissolved in 50 ml of 0.01 N 

15 hydrochloric acid in ethanol/water (27/73 parts per volume) and 

* the proteins were applied to a preparative column as described 

in Example: :1. At first, ah eluent composed of ethanol/ 0 . 3 M 

solution of- ;jpotassium chioride and 0.001 N hydrochloric acid in 

a ratio of >35/£5 : (parts per volume) , ' was pumped through at a 

20 rate of 2 litres/h for 4 hours. Three unresolved peaks very 

recorded/; from about 60 to 120 minutes, from 120 to 150 and 

\\* from 150 to 180 minutes. The proteins in the three pools very 

B 3 0 

isolated as described for Lys -NH„ in Example 1. Yields: 414 
» • *. '"*"--..■ ■ '" ■ 

mg, 14 2 mg and 107 mg for pools I, II and III, respectively. 

**25 Amino acid analysis combined with DISC PAGE 

electrophoresis showed that the insulin molecules of pool I had 

been coupled with from 2 to several arginine residues. The 

major component of pool II was insulin coupled to a single 

B 3 0 

"arginine amiide residue, i.e. Arg -NH 2 human insulin. Pool III 
30 wasfa-niixture of porcine insulin, des(B30) human insulin, 
Arg^.^ human insulin and Arg^^-NH- human insulin. 
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. B30 • ' ... 
Arg " NH 2 ^ >UTnan insulin 

The proteins of pool II was dissolved in 10 ml of 

ethanol/water. 3/2. . ( v/v) at pH 2. After addition of 12 mg of 

EDTA the pH was raised to 10 by a 0-1 N solution of sodium 

5 hydroxide. The solution was applied to a 2.5 x 25 cm column of 

QAE-Sephadex A-25 equilibrated with a buffer composed of 0.5 M 

NH^ , 0.05 N hydrochloric acid, and 0.04 M solution of sodium 

chloride -in 60% ethanol ( v/v) . The column , was eluted with 30 

ml/h with a linear gradient in sodium chloride from 0.04 M to 

10 0.1 M using a total of 1 litre of eluent, while the pH was kept 

constant at about .10 . 0 . Fractions of 10 ml were collected. 
B3 0 

Arg -NH 2 hurnan,, insulin;, emerged from the columns in fractions 
Nos. 58 — 74 . ;The^product:.was:-isolated from the pool by 
evaporation followed by cry staliizat ion at pH 7 in a zinc 
15 containing citrate : buffer containing 15% acetone (v/v) as 
, : described for; Lys . -NH 2 in Example 1. Yield: 53 mg. The 

product was homogeneous /in'^DISG/PAGL; e lectrophores is at pH 8.9, 
~ . ■ the rate of migration being \55% of that of insulin. The amino 
-* 0 's! acid composit;:iori;;^as in accordance with the theory for 

^** ' 20 Ar 9 -NH 2 :; huiaan^ and 1 

residue ; .q£; ; al£n^^ 

''• v;v; g^ Afg . ; -Arg:^,-^rNH 4 v?human ;insulih y^g:-- 

■ . Thia;|)pr6j;eins of ,popl^l|w^re dissolyigd - and subjected 

to ion e'xchan^e|ch^ . as 

: -25. described . fpr^evproteinsfin ^ II. Arg .—Arg -NH human 
; --.>* : : insulin Emerged;: from the column; in fractions , Nos. 34 - 47. The 
product was; isolated as described for Lys -rNH 2 human insulin 
• .in; Exampie;5i^3^1d: 10 -mg-v-^V^v" '>'''-' 
. .. The product was homogeneous in DISC PAGE 

•;***;3G: electrophoresis at pH-8.9, the rate of migration being 35% of 
that of insulin. The .^miho" acid composition showed 3 arginine 
residues and 1 residue of alanine per molecule of insulin. 
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Example 3 

Synthesis of Thr B3Q -NH 2 human insulin 

A solution of 1 g of porcine insulin in 5 ml of 10 M 
acetic acid and a suspension of 2.365 g of Thr-NH 2 (L-threonine 
5 amide, free base) suspended to make a volume of 13 ml with 

N\N-dlmet^ the Thr-tfH 2 was 

dissolved* The mixture was cooled, to 12°C and a solution of 0.1 
9 6f ; ^ yp ^ n in 2 m ^: : ° f 0.05 M solutior of calcium acetate 
was a^e<^ 12°C the proteins were 

10 precipitated by addition Vof .200 ml of acetone, and the 

precipitate was isola^^ The precipitate was 

washed once with lOGKml of ace tone,- .isolated by centrif ugat ion 
and d^riedy in - vacuo . >;^i-'- 

The ^purification insulin from 

15 trypsin ahd. unreacted : porcine .insulin was carried put as 

describedyfor estersfpf vhunian .insulin (see Markussen: Methods 
in Diabete^ Larner & Pohl ( 1984), 

; v 4 0.8 ) .^i<^^ •. ./I///-' 

^ . : PAGE 
,20 -e lect^^hores isf at;V|^va^ ^-the ;^r^^^f. Emigration . bei ng 75% of 
that ^f^^ps^li^ aci'd^cpmpositio'n' was in accordance 

wit^i^ and 1 residue 

of al^^ne^er molecule ;6"£^insulin.\/ : ' 

. " M Examples 4 through 10 

25 (Qq-lO^ to Ala-Ala-Lys and constructed 

as. d^crj^^d for /.yea's V.-pta^smid pMT610 in Example 10 in Danish 

patent^ Nucleotides coding for Gin 813 , 

^ , A 17 "i B2 7 . B2 7 . 
^. Gin - £ 9 Arg .„^ana Lys were substituted in pMT610 by site 

-.;f* : \;speci'fip;\.mutagenisis using the procedure in Nucl . Aci ds .Res . 1] 
30 (l-9a.3)> 5103 - 5112. ~ 
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Example 4 

Synthesis of Gln A17 l Thr B3Q -NH 2 human insu lin 

To a suspension of 3.12 g of 
Gln Al7 ,B( 1-29 ) -Ala-Ala-Lys-A( 1-21 ) insulin precursor in 15 ml 
5 of acetic acid/DMF/water (11.4 ml acetic acid, 65.1 ml DMF , 
water to make 100 ml ) 30 ml of .1 . M Thr-NH^ in DMF was added. 
The 'mixture .^was cooled to 12 : °C and 0.3 g of porcine trypsin 
> 'dissolved in mi of 0*05 M calcium acetate was added. 

Stirring was -continued until the xnsulin precursor had 
10 dissolved.. Aftesr 48 hours at .-12°C the proteins were 

precipitated; by.,addition of 4 00 ml of acetone. The proteins 
. were isolated 1 byvcentrifugation," washed once with 100 ml of 
ace to ne a nd ;dr led :in vacuo . 
c • • . The ^precipitate was dissolved in 70 ml of 0.04 N HC1, 

15'the pH adjusfee^ and the derivative was purified by HPLC 

< as described ;^irt^Example 1, except that an eluent composed of 35 
V" pairts of ; e^am)l?;and 65 parts Oof .0.3 M KC1, 0.001 N HC1 was 

' used, for ^ elu^a*; - Jhe deriuatiyd .^erged from the column after 
; ; ? abdut-O by successive 

20 additipnW^^ citrate to make 

; :^ acetate to make 0.006 M. After adjustment 

•* ; J ♦ I*V:;>/ : -;of J pH to" ; -6 V5;:^j3 :tst i r r i hgV 'byer nigh t at 4°C, crystals were 

; • %■ ' : ; : ?\ - ; haf ve s ted^ : by ?lceirttsr i f ugat i on, vwashed with water and dried. Yield 
/j: : >< : iY64 :: :g =; . 53%^i|§Fui5ther purifications by anion exchange 
r* 0 **.25 chromatbgra^^ insulin esters (see 

V Markusseri^lbid, 410) . Final yield: 1.15 g = 37%. The prc.juct 
'\ -v-^^ytas ;rite^: ; h^bgenebus in DISC PAGE electrophoresis at pH 8.9, 
" the rate of migration being 55% of that of insulin. In 
. .analytical reverse-phase HPLC (see Markussen ibid , 410) the 
30 : product elutes at about the same rate as porcine insulin. The 
purity found to about 95% : . Amino acid composition analysis 
showed identity to the suggested formula. 
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Example 5 

S ynthesis of Gin ,Lys llitl- human j±^j±-j p - 

To a suspension of 3.15 a of 

A 1 7 

Gin ,B(l-29)-Ala-Ala-Lys-A(l-21) insulin precursor in 15 rA 
5 of acetic aci d/DMF/water (4. 57 ml acetic acid, 71.9 ml of DMF , 
water to make 100 ml) 30 ml of 0.4 M Lys(Boc)-NH in DMF was 
added. The mixture was cooled to 12°C and 0.3 g of trypsin 
dissolved in 7.5 ml of 0.05 M calcium acetate was added. 
Stirringiwas continued ur/ii the insulin precursor had 

10 dissolved. After 48 hours at 12 C C the proteins were isolated as 
described . in Example 4 . 

- : ' The precipitate was dissolved in 70 ml of 0.04 N HC1, 
the . pH/ adjusted to 2.5 end G ln A1 1 ,Lys { Boc ) B3 0 -NH 2 human insulin 
was purified by HPLC as described in Example 1, except that 

15 elutipn was performed first with 2.3 1 of an eluent composed of 
37 parts ethanol and 63 parts of 0.3 M KC1, 0.001 N HC1, 
followed, by an eluent composed of 39 parts of ethanol and 61 
partsjfrof ^aqueous 0.3 M KC 1 , 0.001 NHCl. The derivate emerged 

25 r ^i^ of eluent, and it was isolated as 

. - .■ a.-- "v-iisi*-. .-* ... a 17 B3 0 

20 described for Glh ,Thr -NH^ human . insulin in Example 4. 
Yield ;:;6f ^Gln Al ^;Lys;(Boc) B30 -NH 2 human insulin 906 mg. = 29% . 

^ human insulin (1.55 g) was 

dissolved; in 30 ml of tr if luoroacetic acid (TFA) and left at 
room temperature for 2 hours. The TFA was removed by 

25 lyophilization . The residue was dissolved in 15 ml of water, 
the pH?adjusted to 3 with 1 N NaOH and 22 ml of ethanol was 
adde f dV"SThe solution was applied to a 2,5 x 2 0 cm column of SP- 
Sepha3e^ 7M C-2 5 equilibrated with an ethanol/water 3/2 (v/v) 
buf f er ~c?^prising 0.01 M citric acid, 0.03 M NaCl, pH adjusted 

30 -to *4~5\with NaOH. The column was eluted with the. saine buffer, 
using a-linear gradient in NaCl from 0.03 M to 0.4 M in a total 
of 1.6 1 * of eluent. The derivative eluted in 440 ml when the 
gradient reached 0.2 K NaCl. It was crystallized by addition of 
2 200 ml of water, solid • r ; .- : c: : un\ citrate f_. r\-:ke 0.0S M An--: 
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solid zinc acetate to rr»ake 0.006 M. Eventually the pH was 
aciusted to 6.6. After stirring overnight at 4°C the crystals 
were i r^l r -d by cent r i f ugat i on , washed once with water and 
dried in vacuo. Yielu; 1.^' s corresponding to 65% over last 
5 step and 19* from the G In , B { : -29 ) -Ala-Ala-Lys-A( 1-21 ) 
insulin precursor. The product was near homogeneous in DISC 
PAGE electrophoresis at pH 8.9, the rate of migration being 35% 
of that of insulin. In analytical HPLC the product emerges 
before porcine insulin, the purity being about 97% Ami no acid 
10 comp^ r it i on analysis showed 2 lysine residues per molecule, and 
otherwise iacrtity to human insulin. 

Exampl e 6 

Synthe sis o f Arg 627 ,Thr ci0 -NH 2 human insulin 



To a suspension of 3.8 g of 

15 Arg E2 ' ',B( 1-29) -Ala-Ala-Lys -A ( 1-21 ) .insulin precursor, in 18 ml 
of acetic acid/water/DMF ( 11 -4 mly\acetic acid, -3 5 ; ml ..watery DMT' 
to make 10C ml ) 3 6; ml of 1 M Thr^H|; in DMF ; ,w^|<ad(ke^. The:- 
mixture was cooled to 12°C and 0 v38-;;g of porcih^gtrypsin in 
6.84 ml of 0.05 M calcium acetate^vas' added.- Afjter.^8 hours> at., 

20 = 12.°C the proteins . were precipitated wi th acetbhe^as described 
in Example 4 ... • 

The derivative was purified by KPLG : ^as^descr ibed in ',- 
Example 1 using first 1800 ml eluent composed: of / 35 parts of / 
ethanoi and 65 parts of aqueous 0. 3 M KC1, 0 . 001 N HC 1 , 

25 followed by an eluent composed of 37 parts of ethanoi and 63 
parts of the aqueous solution. The derivative emerged 10 
minutes after shift in eluent -and it isolated described 

for Gln Ai7 ,Thr B30 -NH 9 insulin in Example 4-- Finally it was 
purified on a column of SP-Sephadex 1 C-25 as described for 

30 Gln Al ' , Lys B:>0 ->H 2 hurri' insulin in Example 5. 
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B 2 7 B3 0 

The yield of Arg ,Thr -NH 2 human insulin was 1.63 
g corresponding to 43%. Essentially one band was seen in DISC 
PAGE electrophoresis, the rate of migrating being 55% of that 
of insulin. In analytical HPLC the product emerge before 
5 porcine insulin, the purity being about 96%. Amino acid 

composition analysis shows 2 arginine residues per molecule, 
and otherwise identity to human insulin. 



Example 7 , 

B 2 7 B 3 0 

S ynthesis of Arg ,Lys -NH ^ human insulin 

10 The compound was synthesized from 3.61 g of 

B2 7 

Arg ,B( 1-29 ) -Ala-Ala-Lys-A { 1-21 ) insulin precursor using the 
methods described in Example 5 . Yield of Arg B27 , Lys B30 -NH 2 
human insulin 0.78 g = 22% • One major band in DISC PAGE 
electrophoresis migrating 35% of the distance of insulin 
15 migration. Two minor bands visible. Purity in analytical HPLC 
92%; the product emerge before porcine insulin. Amino acids 
composition .analysis shows 2 arginine and 2 lysine residues per 
molecule .and otherwise identity to human insulin. 



* * c » 



Example 8 \ 

R2 7 R ~\ 0 

*20 Synthesis of Lys , Thr -NH ^ human insulin 

r 

-.*[ The compound was synthesized from 7.0 g of 

t B2 7 • '** v ~" ■ 

Lys ,B( 1-29 ) -Ala-Ala-Lys-A ( 1-21 ) insulin precursor using the 

n o n n t n 

1 . methods described in Example 6u Yield of Lys ,Thr -NH 2 
human insulin was 3.15 g corresponding to 4 5%. DISC PAGE 
25 electrophoresis showed one major band and two minor bands, the 
main band migrating 55% of the distance of the insulin 
reference band. The purity, in analytical HPLC was The 
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compound emerge earlier than porcine insulin in reverse phase 
HPLC. A.Ttino acid composition analysis shows 2 lysine residues 
per molecule and otherwise m identity to human insulin. 



Example 9 

B2 7 B 3 0 

5 Synthesis of Lys ,Lys -NH 2 human insulin 

The compound was synthesized from 7.0 g of 

B2 7 

Lys ,B ( 1-29 ) -Ala-Ala-Lys-A ( 1-21 ) insulin precursor using the 
methods described in Example 5. Yield of Lys B27 ,Lys B30 -NH 2 
human insulin was 1.57 g corresponding . to 22%. DISC PAGE 

1C electrophoresis showed one major band migrating to a distance 
of 35% of that of porcine insulin. One minor impurity is 
visible. Purity in analytical HPLC was 94%, the compound 
eluting well ahead of po.vcine insulin. Amino acid composition 
analysis showed 3 lysine residues per molecule and otherwise 

15 identity to human insulir:. 



Example 10 

B13 B3 0 

Synthesis of Gin ,Thr J -NH 2 human insuli n 

The compound was synthesized from 3.05 g of 

B 1 3 

Gin / B ( 1-29 ) -Ala-Ala-Lys-A ( 1-21 ) insulin precursor using the 
20 methods described in Example 6. Yield of final product was 0.88 
g corresponding to 29%. DISC PAGE) electrophoresis showed one 
major band, migrating 55% of the distance porcine insulin 
migrates. Purity oy HPLC was 95%, the compound eluting later 
than* porcine: insulin . Amino acid composition analysis showed" 
25 identity: to that "of human insulin. 
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Preparation of injectable solutions of compounds of fo rrrui la I 

Sterile injectable solutions of the compounds of 
formula I for testing of the degree of prolonged action were 
made using 0.9% (w/v) sodium chloride as the isotonicum and 
0.15% (v/v) m-cresol as the preservative. Injectable solutions 
were also made using 1.6? (w/v) glycerol as the isotonicum, 
using 0.3% (w/v) m-cresol as £he preservative, and being 
buffered with 0.01 M sodium acetate. The concentration of zinc 
ions was varied from 0 to 160 pg/ml. The pH values of the 
solutions were adjusted sufficiently off the isoelectric point 
of the compounds of formula I to keep the solutions clear upon 
st^.age at 4°C. The solutions contained 240 nmole/ml of the 
compounds of formula I. The concentration of 240 nmole/ml was 
established by measurement of the absorbance at 276 nm of a 
more concentrated stock solution devoid of m-cresol, using the 
molar extinction coefficient for porcine insulin of 6100 for 
these derivatives (see Handbuch der Inneren Medizin, Vol. 
7/Part 2A, Editor: Oberdisse, 1975, 113) and using the 
established potency for monocomponent porcine insulin of 28.5 
U/mg dry substance (see Diabetes Care, Vol. 6/Supplement 1 
(1983), 4) f 1 U corresponds to. 5. 95 nmole* 

Injectable solutions containing 240 nmole/ml of the 
compounds of formula I stated in Table 1 and having the pH 
values and content of zinc stated in the table were made. 

Test for prolongation of insulin effect 

The prolongation of the hypoglycemic effect produced 
by the injectable solutions of insulin was tested according to 
British Pharmacopoeia 1980 , A 142, in fasted rabbits. Each test 
solution was administered subcu taneously in a dosis of 15.5 
nmole per rabbit in 6 or 12 animals weighing 3-4 kg, and the 
course of the hypog lycemia was f ol lowed for 6 hours. For 
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comparison the fast acting preparation, Actrapid™ porcine 
insulin, was included in the tests. The results of the tests 
are shown in Table 1 and 2. 



The result of tests for prolonged effect of certain 
5 compounds in rabbits is stated in Table 1, below. The glucose 
value is the mean, from 6 rabbits, of the glucose value in per 
cent of the initial value. Solutions were made isotonic with 
0.9% NaCl, using 0.15% (v/v) m-cresol as the preservative. 



Table 1 
10 Compoi 



A _ _>und of 

formula I . 

B 3~0 1 
Lys -NH - insulin 

B3 0 x .„ . 
Lys -NH y insulin 

B 3 0 

Lys ~ NH 2 i nsu li n 

Lin 



15 


. B30 
Arg 


-NH 2 




Arg B3 ° 


-NH 2 




Thr B3 ° 


-NH 2 




Thr B3 ° 


-NH 2 




Thr B3 ° 


-OBu 


2 0 


Thr B3 ° 


-OBu 




Thr B3 ° 


(Bu 11 



.in 



Ar g B30 _ Ar g B31 ;_ NH insulin 

Arg DJ -Arg" -ISIH^ insulin 
TM 

Actrapid porcine insulin 



„ ++ 
Zn , 


P H 


Glucose 


in percent 


of initial 


ug/ml 




1/2 h 


1 h 


2 h 


4 h 


6 h 


0 


4 .5 


53 


54 


49 


7 9 


100 


80 


4 .5 


63 


62 


63 


73 


80 


160 


4 .5 


87 


80 


68 


90 


93 


0 


4 .5 


57 


53 


51 


65 


81 


80 


4.5 


76 


68 


63 


73 


78 


0 


4 .2 


46 


46 


39 


64 


91 


160 


4.2 


64 


58 


50 


70 


69 


0 


4.0 


59 


. 65 


59 


79 


100 


160 


4.0 


81 


75 . 


62 


66 


. 88 


0 


4 .0 


64 


60 


54 


71 


82 


0 


4 .5 


72 


70 


68 


67 


68 


160 


4 .5 


91 


87 


78 


73 


68 


15 


7 


53 


48 


42 


70 


98 



25 The result of tests for prolonged effect of certain 

compounds in rabbits is stated in table 2, below. The glucose 
value is the mean, from 12 rabbits, of the glucose value in 
percent of the initial value. Test solutions were made isotonic 
with 1.6% (w/vT glycerol, using 0.3% (w/v) m-cresol as the 

30 preservative, and being buffered by 0.01 ~M sodium acetate. 
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Table 2 





Compound of 




Zn ++ , 


P H 


Glucose 


in percent of 


initial 




formula I 




ug/ml 




1 h 


2 h 


4 h 


6 h 




_ , A17 B30 V7tJ 
Gin ,Thr -NH 2 


insul in 


80 


4 .5 


65 






83 


5 


Gln Al7 ,Lys B30 -NH 2 


in su 1 i n 


80 


4 . 5 


60 


56 


73 


86 




Gln B13 ,Thr B30 -NH 2 


insulin 


6.7 


4 .5 


91 


92 


92 


90 




B27 „ B30 M „ 
Arg ,Thr -NH ~ 


insul in 


80 


4 .5 


88 


8 6 


8'. 


81 




T B27 ml/ B3 0 MTJ 

Arg ,Thr " NH 2 


insul in 


8.5 


4 .5 


62 


64 


66 


67 




B27 _ B30 XTU 
Arg /Lys -NH 2 


insul in 


80 


4 .5 


85 


83 


81 


79 


10 


Ar g B27 ,Lys B30 -NH 2 


insulin 


10.9 


4 .5 


78 


73 


69 


67 




Lys 8 * 7 -,^ 830 -™, 


insul in 


7.4 


4 .5 


56 


55 


62 


61 




B27 _ B30 „„ 
Lys /Lys -NH, 

. B30 .... - 

Lys -NH 2 insulin 


insulin 


9.5 


4.5 


72 


65 


65 


60 




1 


80 


4 .5 


74 


83 


80 


82 




Reference. insulin 
















15 


TM 

Actrapid porcine 


! insulin 


15 


7 


58 


56 


87 


100 



The potencies of insulin compounds were assessed in 
the mouse blood sugar depletion test (British Pharmacopoeia 
1980/ A 141 - A 142). In order to minimize the problem of 
estimating potency of insulins having a timing different from 
* 20 the standard, insulin solutions for potency determinations were 
made up without additions of zinc. Solutions were made up to 
contain 240.nmole/ml based on the absorbance at 276 nrrw The 
zinc content of solutions were 8-10 pg/ml , arizing from the 
crystalline derivatives. The estimated potencies of some 
25 insulin compounds are shown in Table 3, below. 
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Table 3 









Potency 


Confidence 








relative to 


limits 








insulin, % 


(P = 0.05) , % 


Gln A17 ,Thr B3 ° 


-NH 2 


insulin 


67 


58 - 75 


Gln Al7 ,Lys B3 ° 


-NH 2 


insul in 


62 


51 - 72 


— B27 B30 
Arg ,Thr 


-NH 2 


insulin 


122 


102 - 145 


. B27 _ B30 
Arg ,Lys 


-NH., 


insulin 


84 


74 - 94 
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CLrA^M-S- The claims defining the invention are as follows: 

1. Compounds of the general formula I 

A( 1-3) -E 1 -A(5-6)-Cys-A(8-16) -E 2 -A ( 18 -19 ) -Cys-Asn 

! i 
S S 

! I 

s s 
i i 

B(l-6> -Cys-B(8-12 ) -E 3 -B( 14 -18 ) -Cys 

I 

. R-Z -Y -Lys-Pro-X-B(26-22)-E 4 -Gly 

wherein the letters A and B followed by figures in parentheses 
designate the peptide fragments of the A- and B-chains, . 

1 2 

respectively, indicated by the figures in parentheses, E , E , 
3 4 

E and E are the same or different each representing glutamic 
acid or a neutral amino acid residue which can be coded for by 
nucleotide sequences, X represents an L-threonine , L-arginine 
or L-lysine residue, Y and 2 are the same or different and each 
represent an amino acid residue wherein any side chain amino 
group may be acylated and wherein any side chain hydroxy group 
may be alkylated, pnd m and n are the same or different and 



( A-chain ) 



(I) 



(B-chain) 
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each represent zero or one, and R represents an amido or ester 

residue which blocks the C-terminal carboxyl group of the B- 

chain, with the proviso that not all of E 1 , E 2 , E 3 and E 4 are 

glutamic acid residues, when X is a threonine residue, or, when 
12 3 4 

5 E , E , E and E each is a glutamic . acid residue, and X is a 

threonine residue, the group of formula -Y^-Z^-R represents 

-NH 2 , -Arg-NH 2 , -Arg-Arg-NH 2 r -Arg-Lys-NH 2 , -Dab-Dab-NH 2 , 

-Dap-Dap-NH 2 , -Lys-NH 2 , -Lys t Lau ) -NH 2 , -Lys -Arg-NH 2 , 

-Lys-Lys-NH 2 , -Orn-NH 2 or -0rn-0rn-NH 2 . 

10 2. Compound according to Claim 1, charaterized in 

13. 4 

that E~, E and E each is a glutamic acid residue. 

3. Compounds according to any one of the preceding 
claims/ characterized in that E 2 is a glutamine residue. 

4. Compounds according to any one of the preceding 
15 claims, characterized in that Y and/or Z is a basic amino acid 

residue wherein the side chain amino group optionally is 
acylated (m = 1) . 

5. Compounds according to any one of the preceding 
claims, characterized in that n is zero, and Y is a basic amino 

20 acid residue (m = 1). 

6. Compounds according to any one of the preceding 
claims, characterized in that Y and Z are both basic amino acid 
residues (m = 1, n = 1). 

7. Compounds according to any one of the preceding 

25 claims, characterized in that R is a group of the general 

12 1 2 

formula -NR R wherein R and R are the same or different and 

each represent hydrogen or lower alkyl, and preferably R is 
-NH 2 . 

8. Compounds according to any one of the Claims 1 

30 through 6, characterized in that R is lower alkoxy, preferably 
tertiary butyloxy . 

9. Compounds according to any one of the Claims 1 
-through 6, characterized in that R is a residue of a lactam 
which preferably contains less than 8 atoms in the lactam ring. 
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10. Compound according to Claim 1, characterized in 
A17 R27 R*^n 

that it is Gin ,Arg D * ,Thr J -NH., human insulin. 

Gin _>Gln° ,Thr . -NH., human insulin, 

«t Al / T B27 mw B30 V1 „ " . , . , A17 B30 

Gin ,Lys ,Thr • -NH^ human insulin, Gin , Ly s -NH 2 human 

5 insulin, Gln Aj " ' ,Thr B ^-NH~ human insulin, 

n \ B13 . B27 B3C MU f 

Gin ,Arg ,Thr -NH 2 human insulin, 

Gln B13 ,Lys B27 ,Thr B3Q -NH 2 human insulin, Gln B1 3 , Lys B3 ° -NH human 

. insulin, Gln B] 3 ,Thr B30 -NH human insulin, Arg B2 ' , Arg E30 -NH- 

B2 7 B3 0 

human insulin, Arg ,Lys -NH 2 human insulin, 

10 Arg B27 ,Thr B30 -NH 2 human- insulin, Lys 32 7 , Arg B30 -NH~ human 

B 7 B30 r 2 7 P^n 

insulin, Lys *"',Lys -NH~ human insulin, Lys ,Thr -NH- 

B ^ 9 R "} 0 

human insulin, Lys *" -NH 2 , des- (B3 0 ) human insulin, Thr -NH 2 

human insulin, Lys B30 -NH 2 human insulin, Lys B3 ° ( Lau ) -NH 2 human 

insulin, Lys B30 -Arg B31 -NH 2 human insulin, Lys B30 -Ly£ B31 -NH 2 

15 human insulin, 'Arg 530 -^- . human insulin, Arg B30 -Arg B ^ 1 -NH 7 

B30B31 

human insulin or Arg -Lys -NH 2 human insulin. 

11* Injectable solutions with prolonged insulin 
action, characterized in that they contain a compound of the 
general formula I 

20 A(l-3)-E 1 -A(5-6)-Cys-A(8-16)-E 2 -A(18-19)-Cys-Asn (A-chain) 

! ! 
s s 

1 ! 

S S ( I ) 

25 - | i 

B(l-6) -Cys-B(8- 12 ) -L 3 -P ( 14 -18 ) -Cys 



(B-chain ) 



R-Z n -Y m -Lys-Pro-X-B(26-22 ) -E 4 -Gly 



wherein the letters A and B followed by figures in parentheses 
30 designate the peptide fragments of the A- and B-chains, 

1 2 

respectively, indicated by the figures in parentheses, L , E , 
3 4 

E and E are the same or different each representing glutamic 
acid or a neutral amino acid residue which car, he coded for by 
nucleotide seque r.;c^. , X represents an -L-threon i no , L-arginine 



ToN/VMN, 1986-02-13, 3 j , D-326B, IL 



77 1 



. 2 0 e 



or L-lysine residue, Y and Z are the same or different and each 
represent an amino acid residue wherein any side chain amino 
group may be acylated and wherein any side chain hydroxy group 
may be alkylated, and m .and n are the same or different and 
5 each represent zero or one, and R represents an amido or ester 
residue which blocks the C-terminal carboxyl group of the B- 
chain, with the proviso that not all of E x , E" , E" and E are 

glutamic acid residues, when X is a threonine residue, or, when 

12 3 4 
E , E. , E and E each is a glutamic acid residue, and X is a 

10 threonine residue, the group of formula -Y'^-Z -R represents 

-NH 2 , -Arg-NH 2 , -Arg-Arg-NH 2 , -Arg-Lys -NH 2 , -Dab-Dab -NH ^ , 

-Dap-Dap-NH 0 , -Lys-NH 0 , -Lys ( Lau) -NH., -L v s-Arq-NH^ , 

-Lys-Lys-NH- , -Orn-NH-, -Orn-Crn-NH n , -Trvr - NH „ , -Thr-03u or 

t t * 2 

-Thr {Bu ) -OBu . 

15 12. Preparation according to Claim 11, characterized 

in that it contains zinc ions, preferably from about 2 ug to 
about 2 mg zinc per ml, most prefered from about 5 ug to 200 ug 
zinc per ml. 

13. Zinc solution for use in preparing a more 

20 prolonged acting solution according to Claim 11 by mixing it 
with a solution containing a compound cf formula I stated in 
Claim 11, which zinc solution preferably contains between about 
10 ug and 20 mg zinc per ml. 

14. A method for preparing a solution according to 
25 Claim 11, characterized in that a solution of a compound of 

formula 1 stated in Claim 11, optionally containing zinc, is 
mixed with a zinc solution optionally containing a compound of 
formula I stated in Claim 11, rendering a mixture with a zinc 
concentration of up to 2 mg/ml , and preferably the content of 
30 zinc in ea^h of the two solutions is less than about 4 mg/ml . 

15. A process for preparing compounds of the general 
formula I stated in Claim 11, characterized in a^ 

transpept idat i ng porcine insulin or a compound of the general 
f ormu 1 a 1 1 : 



TON/VMN, 1986-02-13, 3j, D-328B, IL 



2771 .200 



B( 1-12) -E 3 -B( 14-2 0 ) -E -B< 2 2-26 ) -X-Bv 28-29 ) -(Q -R ) -A( 1-3) - 

12 q r 

E -A { 5-16) -E -A ( 18-21 ) ( II ) 

wherein A and B designate the fragments of the A- and B-chains 

indicated by numbers in parentheses, Q is a peptide chain with 

5 q amino acids, q is an integer from 0 to 33, R is Lys or Arg, 

12 3 4 

and r is zero or one and E , E , E , E and X each are as 
defined in Claim 11, with a compound of the general formula 
III : 



H-Y -Z -R 
m n 



(III) 



10 where Y, Z, R, m and n each are as defined above, and wherein 
side- chain amino groups and hydroxy groups in V and Z 
op-ionally are blocked with amino and hydroxy protecting 
groups, using trypsin or a trypsin like enzyme as a catalyst, 
or b) coupling a compound of formula IV 



15 A( 1-3 ) -E 1 -A(5-6 ) -Cys-A(8-16) -E 2 -A< 18-19 ) -Cys-Asn 



S 
I 



S s 

i i 

B( 1-6) -Cys-B(8-12 ) -E 3 -B < 1 4 - 1 8 } -Cys 



Lys-Pro-X-E? ( 26-22 ) -E -Gly 



( A-chain ) 



( IV) 



( E-chai n ) 



12 3 4 

wherein E , E , E , E and X each are as defined in Claim 11, 
25 with a compound of formula III by trypsin or a trypsin like 
enzyme . 

16. A method of treating diabetics characterized by 
administering a solution according to Claim 11 to human beings 

17. Any novel feature or combination of features 
30 described herein. 
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